Purpose: Although the enterococcal bloodstream infections (EBSI) are often observed in clinic, the mixed-EBSI are few reported. The aim of this study was to investigate the clinical characteristics and risk factors of mixed-EBSI in comparison with monomicrobial EBSI (mono-EBSI). Methods: A single-center retrospective observational study was performed between Jan 1, 2013 and Dec 31, 2018 in a tertiary hospital. All patients with EBSI were enrolled, and their data were collected by reviewing electronic medical records. Results: A total of 451 patients with EBSI were enrolled including 157 cases (34.8%) with mixed-EBSI. The most common co-pathogens were Coagulase-negative Staphylococcus (26.86%), followed by Acinetobacter baumannii (23.43%) and Klebsiella pneumoniae (8.57%). In multivariable analysis, burn injury (adjusted odds ratio [aOR], 7.39; 95% confidence interval [CI], 2.69-20.28), and length of prior hospital stay (aOR, 1.01; 95% CI, 1.00-1.02) were associated with mixed-EBSI. Patients with mixed-EBSI developed with more proportion of septic shock (19% vs. 31.8%, p=0.002), prolonged length of intensive care unit (ICU) stay [9(0,25) vs. 15(2.5,36), p<0.001] and hospital stay [29(16,49) vs. 33(18.5,63), p=0.031]. The mortality was not significantly different between mixed-EBSI and mono-EBSI (p=0.219). Conclusion: A high rate of mixed-EBSI is among EBSI, and Acinetobacter baumannii is the second predominant co-existed species, except for Coagulase-negative Staphylococcus. Burn injury and length of prior hospital stay are independent risk factors for mixed-EBSI. Although the mortality is not different, patients with mixed-EBSI might have poor outcomes in comparison with mono-EBSI, which merits more attention by physicians in the future.
Introduction
Due to potentially serious consequences, bloodstream infections (BSI) are a growing worldwide concern.
1 Enterococci is an important pathogen of BSI, which ranks the second leading cause of central line-associated bloodstream infection (16%) after Coagulase-negative Staphylococcus (CNS) (34.1%) according to the National Healthcare Safety Network's report. 2, 3 The Enterococci becomes a significant pathogen, resulting from its ubiquitous distribution in the intestinal flora, the widespread uses of antibiotics and immunosuppressants, and the increase of invasive medical examinations and treatments in recent years.
EBSI is becoming a serious threat to public health with its rising prevalence, high morbidity and mortality, and huge care cost. 11 Most of BSI are monomicrobial, but the trend of polymicrobial BSI is rising which accounted for 6-34% of BSI in previous studies. [12] [13] [14] Polymicrobial BSI is generally associated with a higher acute physiology and chronic health evaluation II (APACHE II) scores, prolonged ICU and hospital stay, and a more severe prognosis than monomicrobial BSI in adults. 12, [14] [15] [16] [17] In these previous studies, 12,14-17 some limitations are existed as follows: (1) The clinical significance and outcomes of polymicrobial versus monomicrobial BSI were in indeed investigated, but few reports focused on a specific pathogen. Thus, the specific clinical features and outcomes between mixed-EBSI and mono-EBSI are still largely unknown. (2) The outcomes like 28-day mortality were poor in patients with polymicrobial BSI than monomicrobial BSI, 14, 16 while other studies showed that mixed-EBSI were not independently associated with mortality. 18 Thus, the clinical outcomes between polymicrobial BSI and monomicrobial BSI are still controversial. (3) Some risk factors like recent chemotherapy/radiation and recent antibiotic exposure were observed for mixed-EBSI, 18 but the main subjects were African Americans and Caucasians. In addition, the sample size in the study was relatively small (284 episodes). Herein, we performed the study for better understanding of the clinical characteristics and risk factors of mixed-EBSI in Chinese population.
Materials And Methods

Patients And Study Design
This single-center retrospective cohort study was conducted from January 2013 to December 2018 in the Second Affiliated Hospital, Zhejiang University School of Medicine, a 3200-bed tertiary health-care facility in Hangzhou, China. The present study received human research ethics approval (No. 2019-194 ) from the Ethics Committee of the Second Affiliated Hospital, Zhejiang University School of Medicine, and made sure that the personal data should be kept confidential. Due to the retrospective nature of the study, the Ethics Committee determined that patient consent was not required. In addition, a statement of permission from patients for submission the present study was not required as the study did not include any personal information. If any microorganisms other than Enterococcus were found in the same blood culture, the cases were retained.
If only Enterococcus was found in multiple blood cultures of the same patient, the patients were only included once at the time of the first BSI with Enterococci. Exclusion criteria were as follows: a) Age<18 years old; b) Cases data were incomplete or missed; c) Enterococcus was considered as nonpathogenic bacterium. Common skin contaminant organisms (e.g., Bacillus spp., Corynebacterium spp., Micrococcus spp., Streptococci, Lactobacillus spp. and CNS) were considered as pathogens only when they were present in two or more consecutive blood cultures from separate blood draws. Thus, a total of 1158 blood culture specimens containing enterococcus were initially included, and final 451 cases were recruited with 157 cases for mixed-EBSI and 294 cases for mono-EBSI (Figure 1 ).
Data Collection
The patients' data were collected by reviewing electronic medical records. The demographic data like age and gender, the clinical data including underlying diseases, sequential organ failure assessment (SOFA) score, Pitt bacteremia score, the Charlson Comorbidity Index (CCI) score, the APACHE II score in the first 24 h following the onset of BSI, the hospitalization wards, nosocomial infection or not, previous exposures (length of prior hospital stay, previous treatment such as surgical procedures, immunosuppressive agents, chemotherapeutic agents, radiation therapy, hyperalimentation, mechanical ventilation, renal replacement therapy, blood transfusion), and outcomes (length of hospital stay, length of ICU stay, cause septic shock and 28-day mortality) were collected. The microbiological data like species of Enterococcus, 
Results
Demographic Characteristics
The demographic characteristics of these patients are summarized in Table 1 
Biological Indicators
A comparison of biological indicators between mixed-EBSI and mono-EBSI is shown in Table 2 . Procalcitonin (PCT) was higher in patients with mixed-EBSI than that with mono-EBSI (median, 0.405 vs. 0.76, p=0.003), whereas there were no significant differences in blood routine test, liver & kidney function.
Independent Risk Factors For Mixed-EBSI
As shown in Table 3 , multivariate logistic regression model analysis showed that the independent risk factors of mixed-EBSI were burn injury (adjusted odds ratio [aOR], 7.39; 95% confidence interval [CI], 2.69-20.28), and the days of prior hospital stay before onset of BSI (aOR, 1.01; 95% CI, 1.00-1.02).
Species Distribution Of Enterococcal Bloodstream Infections
The most common Enterococcus species was Enterococcus faecium (E. faecium), which comprised 53.88% (243/451) of all episodes, followed by Enterococcus faecalis (E. faecalis) (37.69%, 170/451) and Enterococcus gallinarum (3.55%, 16/451) (Supplemental Figure 1) . Of the 451 episodes of Figure 2 , which showed the proportion of E. faecium or E. faecalis was significantly lower or higher in mixed-EBSI than that in mono-EBSI (47.1% vs. 57.5%, p=0.036; or 43.9% vs. 34.4%, p=0.045, respectively). A total of 175 other microorganisms in mixed-EBSI cases were isolated in 157 mixed-EBSI cases, with two microorganisms accounting for 88.5% (139/157) and three microorganisms for 11.5% (18/157). The most common co-pathogen was Gramnegative bacteria (57.1%), followed by Gram-positive bacteria (38.3%) and fungi (4.6%). In terms of the exacted microorganism, the most frequent pathogen was CNS (26.86%), followed by Acinetobacter baumannii (A. baumannii) (23.43%), Klebsiella pneumoniae (8.57%) and Staphylococcus aureus (S. aureus) (8%). The detailed distribution of additional organisms in mixed-EBSI is shown in Supplemental Figure 2 . The source of EBSI was mainly from intra-abdominal (34.4%, 155/451), followed by primary BSI (28.8%, 130/451) and pneumonia (13.7%, 62/451). Compared with mono-EBSI, the sources of mixed-EBSI were more often from central venous catheter (12.7% vs. 6.1%, p=0.016) and the skin/soft tissue (16.6% vs. 5.8%, p<0.001), but less from abdominal cavity (26.1% vs. 38.8%, p=0.007) ( Table 4) .
Antibiotic Resistance And Appropriate Therapy
The resistance of Enterococcus to vancomycin and teicoplanin in both groups of mixed-EBSI and mono-EBSI was very low (less than 3%) ( Table 4 ). In comparison with mono-EBSI, the ratio of resistance of Enterococcus to tetracycline was significantly higher in mixed-EBSI groups (44.7% vs. 56.2%, p<0.05), but it was lower to ampicillin (42.9% vs. 57.3%) or levofloxacin (51.2% vs. 63.0%) (both, p<0.05). A total of 16.4% (74/451) patients did not receive appropriate therapy within 48 hrs after the release of antibiotic susceptibility results, but there was no difference between the two groups (15.3% vs. 18.5%, p=0.387) ( Table 4 ).
Outcomes
The comparison of prognosis between mixed-EBSI and mono-EBSI is shown in Figure 3 ).
Discussion
In the current study, several important results were found. First, mixed-EBSI was no longer a rare event, and E. faecium (53.88%) was the most common pathogen. Second, some risk factors were found to be associated with mixed-EBSI, including ICU admission, a higher APACHE II score, a higher SOFA score, trauma, blood transfusion, mechanical ventilation and central venous catheter indwelling (Table 1) . Moreover, burn injury and length of prior hospital stay were independent risk factors for mixed-EBSI. Third, although CNS had the highest proportion as copathogens in mixed-EBSI, Gram-negative bacteria remained the main co-pathogens in mixed-EBSI in comparison with Gram-positive bacteria. Last, patients with mixed-EBSI might have poor outcomes including higher occurrence of septic shock, prolonged lengths of ICU stay and hospital stay in comparison with mono-EBSI. A high proportion (34.8%) of mixed-EBSI among EBSI was observed in the current study, which was consistent with other studies (28-44%). 9, 11, 21, 24 Previous studies 14, 25 showed that the rate of polymicrobial bacteremia was increasing over years, which might be explained by an increasing number of patients with central venous catheters and immunocompromised patients. 25 In terms of the exact Enterococcus in the study, E. faecium (53.88%) was the most common pathogen, which was high than that in previous EBSI studies (less than 50%). 5, 9, 21, 26 A constant increase in the rate of E. faecium BSI was observed. 4 In fact, the incidence of E. faecium BSI exceeding E. faecalis BSI was observed in a Swiss study and two Chinese studies. 10, 27, 28 The exact reasons underlying the increased incidence of E. faecium infections are not yet well known, but might be related to increased resistance of E. faecium 29 and enhanced virulence by acquiring new virulence factors. 30 Like in previous studies, 16, 25, [31] [32] [33] similar risk factors for mixed-EBSI in our study were found including ICU admission, a higher APACHE II score, a higher SOFA score, and a longer prior hospital stay before onset of BSI, burn injury or trauma, blood transfusion, mechanical ventilation and central venous catheter indwelling (Table 1) . However, the CCI, reflecting the severity of underlying disease, did not show any difference in both groups (Table 1) , which might be explained by the fact that CCI is inferior to APACHE II score to predict hospital mortality for ICU patients. 34 Although recent chemotherapy/radiation and recent antibiotic exposure were positively associated with mixed-EBSI in a previous study, 18 they were not independently associated with mixed-EBSI in our study. This might be due to a low proportion of patients (2.4%) receiving chemotherapy/radiation therapy in our study. Importantly, burn injury and length of prior hospital stay were independent factors for mixed-EBSI in the current study, which was consistent with a previous study showing that more than 12% of burn patients suffered from polymicrobial BSI. 35 These results together suggest that burn patients are not only susceptible to BSI, but also to polymicrobial BSI including mixed-EBSI. In our current study, the most common co-pathogen was CNS (26.86%), followed by A. baumannii (23.43%). It is worth noting that Gram-negative bacteria were still the main co-pathogen (57.1%) in comparison with Grampositive bacteria (Supplemental Figure 2) . Although CNS was the same most common co-pathogen, the second copathogen was A. baumannii in our study, whereas it was S. aureus in Lafnf's study 18 A high percentage of central venous catheter source of mixed-EBSI (38.7%) was observed in Lagnf's study, while it only accounted for 12.7% in the current study. It is well known that the common pathogen of catheter-related bloodstream infections is Gram-positive bacteria especially S. aureus.
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Thus, this might partially explain a high proportion of S. aureus as a co-pathogen among polymicrobial EBSI in Lagnf's study. In addition, we also found A. baumannii accounted for 38.8%, while S. aureus accounted for only 3.74% in post-neurosurgical intracranial infections in our previous study. 39 This means gram-negative bacteria, especially A. baumannii, is the main pathogen in our hospital-acquired infection, as also observed in the distribution of co-pathogens in mixed-EBSI (57.1% for Gramnegative bacteria, while 38.3% for Gram-positive bacteria) in the current study. Taken together, A. baumannii was the second co-pathogen in mixed-EBSI, except for CNS. Although a higher PCT value was observed in mixed-EBSI than that in mono-EBSI [0.76(0.26,3.52) vs 0.405 (0.17,1.52), p=0.003] ( Table 2) , it may have no clinical meaning. It is worth noting that serum PCT level was often high in Gram-negative bacterium-induced BSI, whereas it was slightly increased or no effect after Gram-positive bacterium-mediated BSI. [40] [41] [42] To this end, we stratified mixed-EBSI group into two sub-groups of mixed-EBSI with Gram-negative bacteria and mixed-EBSI with non-Gram-negative bacteria. Compared with mono-EBSI, PCT in mixed-EBSI with Gram-negative bacteria was significantly higher than that in mono-EBSI (median, 1.06 vs. 0.405, p<0.001), whereas it was similar to that in mixed-EBSI with non-Gram-negative bacteria (median, 0.380 vs. 0.405, p=0.582) (Supplemental Figure 3) . These results suggest that we should keep in mind that mixed-EBSI including a Gram-negative bacterium might be present once EBSI is accompanied with a high serum PCT value. Although patients with mixed-EBSI might have poor outcomes than those with mono-EBSI, the 28-day mortality was similar between the two groups (Table 5 ). This result was consistent with other studies showing that no correlation between polymicrobial EBSI and mortality was observed. 10, 11, 21 Low percentage (less than 20%) of delayed antibiotic therapy, a high proportion (more than one third) of primary BSI as primary BSI has a lower mortality rate than secondary BSI, 43 and a quite low proportion of vancomycin-resistant Enterococci (VRE) ( Table 4) , might be ascribed to the similar mortality observed in our study. There were some limitations in this study. First, it was a retrospective study, and as a result, some important information or variable such as Glasgow coma scale score could not be obtained; In addition, it is hard to say cause and effect about the relationship of polymicrobial bacteremia and more serious condition, though patients with more severe illness and/or serious condition tend to get polymicrobial bacteremia. Second, although the data of this study were collected over a 6 years period in a tertiary hospital, it only represented a single center. In addition, the "primary BSI" described in the current study might have a bias, as the exact source of BSI was really hard to confirm by retrospective analysis. Thus, future multicenter prospective studies are needed to investigate the risk factors of mixed-EBSI.
Conclusion
Mixed-EBSI is not a rare event among total EBSI, and A. baumannii is the second predominant co-existed species, except for Coagulase-negative Staphylococcus. Many factors including trauma, burn injury, placement of central intravenous catheter, use of mechanical ventilation, need of blood transfusion, length of prior hospital stay, ICU admission, a higher APACHE II score, a higher SOFA score, and a higher Pitt Bacteremia score are associated with mixed-EBSI, whereas burn injury and length of prior hospital stay are independent risk factors. Although the mortality is not different, patients with mixed-EBSI might have poor outcomes, which merits more attention by physicians in the future.
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